results from the malignant transformation of placental trophoblasts which secrete human chorionic gonadotropin (hCG) as do normal placenta or hydatidiform mole. N-acetylglucosaminyltransferase IV (GnT-IV) is a glycosyltransferase which catalyses the formation of β1,4GlcNAc branches on the mannose core of N-glycans. Previous studies reported that β1,4GlcNAc branches on hCG were detected in GTN but not in normal pregnancy or hydatidiform mole. The aim of the present study was to understand the role of GnT-IVa in choriocarcinoma and find the target proteins for GnT-IVa glycosylation which contribute to the malignancy of choriocarcinoma. Immunohistochemistry showed that Griffonia simplicifolia lectin-II staining and GnT-IVa staining were intense in trophoblastic cells of invasive mole and choriocarcinoma. We established a choriocarcinoma cell line with GnT-IVa overexpression (Jar-GnT4a), and examined its malignant potential and target proteins for GnT-IVa glycosylation. GnT-IVa overexpression increased the cell migration and invasion (2.5-and 1.4-fold) as well as the ability to adhere to the extracellular matrix (ECM) components, including fibronectin and collagen type I and IV. The tumour formation potential of Jar-GnT4a in mice was significantly higher than that of control (P= 0.0407), and the cumulative survival rate of mice with Jar-GnT4a was relatively lower than those with control. Immunoprecipitation studies showed that β1,4GlcNAc branches of N-glycans on integrin β1 in choriocarcinoma cells were increased by GnT-IVa overexpression. Nano-LC/MS/MS analysis suggested that lysosome-associated membrane glycoprotein 2 (LAMP-2) was a target protein for glycosylation by GnT-IVa. The increase in β1,4GlcNAc branches on LAMP-2 by GnT-IVa overexpression was confirmed by lectin blot analysis using whole cell lysate and conditioned medium. Our results suggest that highly branched N-glycans generated by the action of GnT-IVa are present in trophoblastic cells of GTN in proportion to GnT-IVa expression level, and that GnT-IVa may contribute to the malignancy of choriocarcinoma by promoting cell adhesion, migration and invasion through glycosylation of integrin β1 and LAMP-2.
Introduction
Gestational trophoblastic disease (GTD) is a group of diseases that has its origins in trophoblasts. The common characteristics of GTD are abnormal proliferation of atypical trophoblasts and secretion of human chorionic gonadotropin (hCG). GTD consists of hydatidiform mole, invasive mole, choriocarcinoma, placental site trophoblastic tumour (PSTT) and epithelioid trophoblastic tumour (ETT) (1) . Hydatidiform mole is an abnormal pregnancy resulting from impaired fertilization. Other GTDs are grouped under gestational trophoblastic neoplasia (GTN) which has the potential for local invasion and metastasis (1, 2) . Common GTNs are invasive mole and choriocarcinoma which respond to chemotherapy. However, ~10% of choriocarcinoma patients have a poor prognosis, particularly when they have metastasis other than pulmonary metastasis (3, 4) . hCG is a unique reliable marker for monitoring GTD (2, 4) .
Structural changes of branched N-glycans on certain glycoproteins are mediated by a group of enzymes named N-acetylglucosaminyltransferases (GnTs) which add N-acetylglucosamine (GlcNAc) branch antennae to the mannose core of N-glycans. These modifications of N-glycans alter the biological functions of glycoproteins and eventually, the properties of cells containing these glycoproteins (5) . N-glycan modifications mediated by GnTs greatly influence the invasion and migration abilities of cancer cells (6, 7) . N-acetylglucosaminyltransferase IV (GnT-IV) catalyses the formation of β1,4GlcNAc branches on the mannose core of N-glycans (8, 9) . Many previous studies showed that GnT is involved in the progression of cancers of the liver, pancreas, kidney and colon (10) (11) (12) (13) . hCG is a glycoprotein hormone composed of α-and β-subunits. α-subunit has two asparagine-linked (N-linked) glycosylation sites and β-subunit has two N-linked and four serine-linked (O-linked) glycosylation sites (14) . Previous studies revealed that N-glycans of hCG have many important biological functions (14) (15) (16) and that they are differentially modified in physiological and pathological states (17, 18) . hCG from normal pregnant women and patients with hydatidiform mole contains only mono-and bi-antennary branched N-glycans. On the other hand, additional tri-antennary branched N-glycans are present on hCG of invasive mole and choriocarcinoma patients, and abnormal bi-antennary N-glycan is detected on hCG from choriocarcinoma. The tri-antennary and abnormal bi-antennary branched N-glycans are biosynthesized by the action of GnT-IV on mono-and bi-antennary N-glycans. Takamatsu et al (19) confirmed the elevated activity of GnT-IV and higher expression level of GnT-IVa in choriocarcinoma cells compared to those in normal placentas, whereas the mRNA of GnT-IVb, another isoenzymatic form, was expressed at the same level in choriocarcinoma and placentas. Niimi et al (20) reported that GnT-IVa protein expression was strong in GTN (invasive mole and choriocarcinoma) and suggested that GnT-IVa might be involved in invasion of choriocarcinoma, using GnT-IVa suppression model. For further understanding of the role of GnT-IVa in choriocarcinoma, we established a choriocarcinoma cell line which overexpresses GnT-IVa and studied its target proteins for GnT-IVa glycosylation which contribute to the malignancy of choriocarcinoma.
Materials and methods
Tissue collection and processing. The present study was approved by the ethics committee of Nagoya university Graduate School of Medicine. Written informed consent was obtained before surgery from all patients with GTD for the use of clinical samples. Tissue samples from four cases of invasive mole and seven cases of choriocarcinoma were used for this study. Tissue samples were fixed in 10% formaldehyde, embedded in paraffin and routinely stained with haematoxylin and eosin for histological examination. All sections were histologically assessed by pathologists in our institute.
Cell lines and culture. Human choriocarcinoma cell line Jar was purchased from the American Type Culture Collection (ATCC; Manassas, VA, uSA) and maintained in RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO, uSA) supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA), penicillin (100 U/ml), streptomycin (100 µg/ml), at 37˚C in a humidified atmosphere of 5% CO 2 and 95% air.
Immunohistochemistry. Immunohistochemical staining for GnT-IVa protein was performed using a monoclonal antiGnT-IVa antibody (sc-100785; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, uSA) at a dilution of 1:400 as previously described (20, 21) . Immunohistochemical staining for Griffonia simplicifolia lectin-II (GSL-II) was performed by a previous method with modification (22) . Sections of 4 µm thickness were deparaffinised, rehydrated and washed with phosphate-buffered saline (PBS). Endogenous peroxidase activity was blocked by incubating the sections in 0.3% hydrogen peroxide in 100% methanol. The sections were washed twice with PBS and once with 0.05 M Tris-buffered saline (TBS). For antigen retrieval, the sections were treated with 0.1% trypsin solution in TBS containing 0.1% CaCl 2 . Non-specific lectin-protein binding was blocked by incubating the sections in 5% skim milk in PBS. The sections were then incubated overnight with biotinylated GSL-II (B-1215; Vector Laboratories, Inc., Burlingame, CA, uSA) at a dilution of 1:400 in TBS containing 1% bovine serum albumin (BSA) and 10 mM CaCl 2 at 4˚C. After rinsing, the sections were immunostained using Vectastain Elite ABC kit (Vector Laboratories) for 30 min according to the manufacturer's instructions. 3,3'-diaminobenzidine tetrahydrochloride reagent (Nichirei, Corp., Tokyo, Japan) was used for colour development.
Construction of an overexpression vector of GnT-IVa and retroviral transduction. Construction of GnT-IVa-encoding retroviral vector was performed as previously described (23) . Briefly, GnT-IVa was PCR amplified using primers (F, 5'-AA AAAGCAGGCTCCACCATGAGGCTCCGCAAT GG-3' and R, 5'-AGAAAGCTGGGTCAGTTGGTGGCTTTTTTAATA TGAATC-3') from the vector GnT-IVa/pSVL which was provided by Ogri et al (24) . After confirming the sequence by subcloning the product into an entry vector, GnT-IVa was transferred to the destination vector, pCLMSCV-puro-Rfa, using the Gateway system (Invitrogen-Life Technologies, Carlsbad, CA, uSA). The retroviral vector of GnT-IVa (pCLMSCV-GnT-IVa/puro) was transfected into 293T cells with packaging vectors encoding viral gag-pol and envelope protein (pCL-GALV) as previously described (23) , and the retroviral supernatant was transfected into Jar cells (Jar-GnT4a cells). Control vectors were transfected into Jar cells (mock cells) by the same methods. Jar-GnT4a and mock cells were selected by adding 1 µg/ml puromycin.
Western blot and lectin blot analysis. Whole cell lysate was prepared by lysing collected mock or Jar-GnT4a cells in Tris-NaCl-EDTA (TNE) buffer supplemented with protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN, uSA). Secreted proteins from mock or Jar-GnT4a cells were obtained by concentrating the serum-free conditioned media in which they were cultured with Amicon ® ultra-4 Centrifugal Filter units (Merck Millipore Ltd., Cork, Ireland). The protein concentrations were determined using BCA protein assay kit (Pierce, Rockford, IL, uSA). Equal amounts of prepared proteins or immunoprecipitated proteins were separated by 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Proteins on the gels were transferred onto polyvinylidene difluoride membranes. The membranes were blocked with 5% skim milk in PBS, or 3% BSA in TBS containing 0.05% Tween-20 (TBS-T) at room temperature for 1 h, for western blot or lectin blot analysis, respectively. The membranes were incubated with a monoclonal antiGnT-IVa antibody (sc-100785, diluted 1:1,000; Santa Cruz Biotechnology), a monoclonal anti-β-actin antibody (A2228, diluted 1:1,000; Sigma-Aldrich), a polyclonal anti-integrin β1 antibody (ab183666, diluted 1:5,000; Abcam plc., Cambridge, uK) and a monoclonal anti-lysosome-associated membrane protein-2 (LAMP-2) antibody (sc-18822, diluted 1:400; Santa Cruz Biotechnology) for western blot analyses, or biotinylated GSL-II (B-1215, diluted 1:1,000; Vector Laboratories) and Datura stramonium lectin (DSA) (B-1185, diluted 1:1,000; Vector Laboratories) for lectin blot analyses. The membranes were then incubated with horseradish peroxidase-conjugated anti-mouse IgG secondary antibody (#7076S; Cell Signaling Technology, Inc., Danvers, MA, uSA) or streptavidin-horseradish peroxidase (Vector Laboratories). Protein bands were visualized by developing the blots using ECL reagents (GE Healthcare, Buckinghamshire, uK) and ImageQuant LAS 4000 mini (GE Healthcare).
Cell proliferation assay. Cell proliferation was determined using modified tetrazolium salt (MTS) assay using the CellTiter 96 ® Aqueous One Solution Cell Proliferation assay (Promega, Madison, WI, uSA). Cells (5x10 3 ) in 100 µl of growth medium were plated in 96-well plates and incubated at 37˚C for 72 h. At 24, 48 and 72 h, 20 µl of MTS reagent was added to each well, followed by incubation for 2 h and measurement of absorbance at 490 nm by microplate reader (Multiskan Bichromatic; Labsystems, Helsinki, Finland).
Transwell migration and invasion assay. Migration assay and invasion assay were performed using the Transwell inserts (Corning Inc., Corning, NY, USA) with a filter of 6.5 mm diameter and 8 µm pore size for 24-well plates as described earlier (20, 21) . Invasion assay was performed using the upper chambers coated with Matrigel (Collaborative Biomedical Products, Bedford, MA, uSA). Cells (4x10 4 ) in serum-free medium were plated in the upper chambers, while medium with 10% FBS was added to the lower chambers as chemoattractant. Cells on the upper side of the filters were scraped off after 24 h of incubation at 37˚C, and the filters were fixed and stained. The migration and invasion activities were evaluated by counting the number of migrated cells on the lower surface of the filters at x100 magnification.
Cell adhesion assay. Cell adhesion assay was performed as previously reported (20, 25) . Cells (4x10 4 ) were plated in 100 ml of medium in 96-well plates coated with fibronectin, collagen type I or collagen type IV (Becton-Dickinson, Franklin Lakes, NJ, uSA). The plates were centrifuged at 200 x g for 15 sec, and the cells were allowed to attach to each matrix at 37˚C for 30 min. After washing with PBS twice for eliminating non-adherent cells, absorbance at 492 nm (A 492nm ) was read using a microplate reader. The rate of cell adherence was calculated as follows: [A 492nm (matrix) -A 492nm (no matrix)]/A 492nm (no matrix) (25) .
Mouse studies. All animal procedures were reviewed and approved by the Nagoya university institutional Animal Experimentation Committee and performed in accordance with the institutional guidelines of Nagoya university Division of Experimental Animals. Five-week-old female nude mice (Balb/c slc nu/nu) were purchased from Japan SLC, Inc. (Shizuoka, Japan) and were injected subcutaneously with 5x10 5 mock or Jar-GnT4a cells in 200 µl of growth medium (n=8, each). Tumour size and health status of mice were monitored, and when the minor axis of tumours exceeded 5 mm, tumour formation was considered to have occurred.
Immunoprecipitation. Whole cell lysate proteins or secreted proteins (200-1,000 µg) from mock or Jar-GnT4a cells were incubated with antibodies (10 µg) or biotinylated lectins (80 µg) in TNE buffer containing protease protein inhibitor at 4˚C overnight with rotary shaking. The immuno-complex was then incubated with resins at 4˚C for 1 h with rotary shaking. Resins used were Protein G Sepharose 4 Fast Flow (GE Healthcare) for immunoprecipitation or Streptavidin Agarose ultra Performance™ (Solulink Bioscience, Inc., San Diego, CA, uSA) for lectin precipitation. The resins were used after equilibration with TBS-T. Resin bound immnune-complexes were washed five times with TBS-T and denatured by boiling at 100˚C in SDS sample buffer.
Nano-LC/MS/MS.
The immunoprecipitates were separated by SDS-PAGE and stained using Silver Stain MS kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan). The protein bands were excised from the gels. Subsequent procedures and nano-LC/MS/MS analysis were conducted by Japan Proteomics (Sendai, Japan) using a standard protocol. Statistical analysis. JMP PRO version 11.0.0 (SAS Institute, Inc., Cary, uSA) was used for statistical analysis. Error bars in graphical data represent mean ± standard deviation (SD). Differences were considered statistically significant at P<0.05 in a two-tailed Student's t-test and log-rank test.
Results
Highly branched N-glycans present in invasive mole and choriocarcinoma. We first examined the expression of GnT-IVa and glycosylation level in invasive mole and choriocarcinoma by immunohistochemical staining of surgical specimens. GSL-II is a lectin which recognizes tri-or tetraantennary branched N-glycans modified by GnT-IVa (26) . Immunostaining with GSL-II was strong in the invasive mole and choriocarcinoma and corresponded to that with anti-GnT-IVa antibody (Fig. 1) . These results indicated that highly branched N-glycans modified by GnT-IVa are present in trophoblastic cells of invasive mole and choriocarcinoma.
GnT-IVa overexpression increases cell adhesion, migration and invasion in choriocarcinoma cells. To investigate the function of GnT-IVa in choriocarcinoma cells, we established a stable cell line that overexpressed GnT-IVa protein (Jar-GnT4a) using the choriocarcinoma cell line Jar. The expression of GnT-IVa protein was dramatically increased in Jar-GnT4a cells in comparison to that in parent Jar (WT) or transfectants with control gene (mock cells, Fig. 2A ). We observed no significant difference between Jar-GnT4a cells and mock cells in cell proliferation for 72 h, by MTS assay (Fig. 2B) . The migration and invasion assay showed that the migratory and invasive abilities of Jar-GnT4a cells increased 2.5-and 1.4-fold, respectively, compared to those of mock cells (Fig. 2C) . Next, we investigated the effect of GnT-IVa overexpression on cell adhesion to extracellular matrix (ECM). Cell adhesion assay showed that Jar-GnT4a cells had significantly greater adherence potential to ECM than that of mock cells (Fig. 2D) . The number of Jar-GnT4a cells that adhered to fibronectin, collagen type I and collagen type IV were 2.88, 2.86 and 1.48 times higher, respectively, than that of mock cells.
In vivo effects of GnT-IVa overexpression on choriocarcinoma engraftment.
We examined whether GnT-IVa overexpression increases malignant potential of choriocarcinoma cells in vivo. We subcutaneously injected Jar-GnT4a or mock cells into 5-week-old Balb/c slc nu/nu nude mice. The rate of tumour formation in mice injected with Jar-GnT4a cells was significantly higher than that in mice injected with mock cells (P= 0.0407; Fig. 2E ). All of five mice and one of two mice that developed tumours injected with Jar-GnT4a cells and mock cells, respectively, died. The cumulative survival rate of mice with Jar-GnT4a cells was relatively lower (62.5 vs.
12.5%), although the difference was not statistically significant (Fig. 2F) . Considered together, these results suggest that GnT-IVa overexpression promotes cell adhesion, migration and invasion of choriocarcinoma.
GnT-IVa overexpression increases highly branched N-glycans on integrin β1.
To investigate how GnT-IVa overexpression increased malignant potential of choriocarcinoma, we compared the protein expression patterns and the level of β1,4GlcNAc branches of N-glycans between Jar-GnT4a cells and mock cells. There was no significant difference in the protein levels of whole cell lysate and conditioned media between Jar-GnT4a and mock cells (left panels, Fig. 3A and B) . However, lectin blot analyses with GSL-II and DSA which specifically recognize β1,4GlcNAc branches of N-glycans, showed that the overexpression of GnT-IVa mediated the addition of N-glycans to several proteins in whole cell lysate or conditioned media (arrows in centre and right panels, Fig. 3A and B) . Because GSL-II has high specificity for agalactosylated β1,4GlcNAc branches of N-glycans whereas DSA has high specificity for galactosylated β1, 4GlcNAc branches of N-glycans, we used both lectins in these experiments.
Significantly greater adherence to ECM and higher rate of tumour formation in mice injected with Jar-GnT4a cells compared to those injected with mock cells suggested the possibility that an increase in highly branched N-glycans on integrin β1 might result from GnT-IVa overexpression. As expected, β1,4GlcNAc branches of N-glycans on integrin β1 in whole cell lysate were increased, as illustrated by DSA blot analysis (Fig. 3C) . These results suggest that GnT-IVa may contribute to the malignant behaviour of choriocarcinoma through decorating integrin β1 with N-glycans.
LAMP-2 was one of the target proteins for N-glycan modification by GnT-IVa. To gain insight into the functional role of
GnT-IVa in choriocarcinoma, we tried to find target proteins other than integrin β1 for GnT-IVa glycosylation. We concentrated the target proteins in whole cell lysate and secreted proteins by lectin immunoprecipitation with DSA, because DSA blot analysis showed greater changes between Jar-GnT4a and mock cells than those by GSL-II blot analysis (Fig. 3A  and B) . DSA blot analyses and silver staining using immunoprecipitated proteins revealed that some proteins reacted more strongly in Jar-GnT4a cells than in mock cells (Fig. 4A and B) . One and two protein bands containing separated whole cell lysate and conditioned media, respectively, were excised from the gels (arrowheads 1-3, Fig. 4A and B) . Nano-LC/MS/MS analysis identified the proteins contained in the three bands (Table I) . We focused on lysosome-associated membrane glycoprotein 2 (LAMP-2), because it was present in both whole cell lysate and conditioned media.
We examined whether highly branched N-glycans on LAMP-2 were increased by GnT-IVa overexpression. β1,4GlcNAc branches of N-glycans on LAMP-2 in whole cell lysate and conditioned medium were increased as illustrated by DSA blot analyses (Fig. 4C and D) , indicating that LAMP-2 is one of the target proteins for GnT-IVa glycosylation and that it might contribute to the malignant potential of choriocarcinoma cells through GnT-IVa glycosylation. The differences in the reactivity of immunoprecipitated LAMP-2 between Jar-GnT4a and mock cells were relatively modest in DSA blot analyses in both whole cell lysate and conditioned media. This might be due to considerable expression of GnT-IVa in mock cells and LAMP-2 which carried β1,4GlcNAc branches of N-glycans may be substantially present in mock cells. The amount of LAMP-2 in whole cell lysate and conditioned media was confirmed by immunoprecipitation using an anti-LAMP-2 antibody. Next, we performed flow cytometric analysis to examine whether LAMP-2 was expressed on the cell surface.
Whole cell lysate contains cytoplasmic proteins as well as cell surface proteins. Our results showed that GnT-IVa overexpression changed the abilities of cell adhesion to ECM. Flow cytometric analysis revealed that LAMP-2 was present on the cell surface of Jar (Fig. 4E) . Taken together, these results suggest that GnT-IVa may contribute to the malignant behaviour of choriocarcinoma through modifying N-glycans on integrin β1 and LAMP-2 which is expressed on the cell surface.
Discussion
In the present study, we showed that GnT-IVa overexpression enhanced the malignant potential of choriocarcinoma in vitro and in vivo, by increasing cellular adhesion to ECM, Figure 3 . Highly branched N-glycans on integrin β1 were increased by GnT-IVa overexpression. CBB staining, lectin blot analysis with GSL-II and DSA of (A) whole cell lysate proteins and (B) concentrated secreted proteins in conditioned media from mock or Jar-GnT4a cells. Protein bands which reacted more strongly with GSL-II or DSA in Jar-GnT4a cells than in mock cells, are indicated by arrows. (C) Whole cell lysate proteins from mock or Jar-GnT4a cells were immunoprecipitated by an anti-integrin β1 antibody followed by western blot analysis with an anti-integrin β1 antibody and DSA blot analyses. β1,4GlcNAc branches on integrin β1 in Jar-GnT4a cells were increased compared to those in mock cells as demonstrated by DSA blot analysis, whereas the amount of integrin β1 as measured by western blot analysis was not changed by GnT-IVa overexpression. WCL, whole cell lysate; CM, conditioned media; ITG β1, integrin β1. The numbers of bands are the same in Fig. 4A and B.
cellular migration and invasion. These results complement the results of a previous study which showed that GnT-IVa knockdown in choriocarcinoma cells suppressed migration and invasion and decreased cellular adhesion to ECM (20) .
Immunohistochemistry using GSL-II demonstrated that highly branched N-glycans resulting from the action of GnT-IVa were strongly detected in invasive mole and choriocarcinoma, in proportion to the GnT-IVa protein expression. Therefore, GnT-IVa may play an important role in accelerating the malignancy of choriocarcinoma through addition of β1,4GlcNAc branches to the N-glycans on some proteins. We tried to find the target proteins for GnT-IVa glycosylation.
Immunoprecipitation showed that integrin β1 was a target protein of GnT-IVa glycosylation in choriocarcinoma.
Integrins are transmembrane cell adhesion molecules which function as cellular receptors of ECM ligands such as collagens, fibronectin and laminins (27) . It has been reported that the N-glycan structure on integrin α or β chains, resulting from the action of GnTs, affects integrin-mediated cell migration. Zhao et al (28) demonstrated that α3β1 integrin-mediated cell migration on laminin 5 was competitively regulated by GnT-III which catalyses the addition of bisected GlcNAc on integrin and suppresses cell migration. GnT-V which forms β1, 6 GlcNAc branched N-glycans enhances cell migration. In the present study, the results of cell adhesion assay and tumour formation in mice suggested that GnT-IVa may increase cell adhesion to ECM in choriocarcinoma, in vitro and in vivo. Niimi et al (20) reported that knocking down GnT-IVa in Figure 4 . LAMP-2 was one of the target proteins for N-glycan modification by GnT-IVa. (A) Whole cell lysate proteins and (B) concentrated secreted proteins in conditioned media from mock or Jar-GnT4a cells were immunoprecipitated by DSA followed by DSA blot analysis and silver staining. Protein bands which reacted more strongly with DSA by GnT-IVa overexpression, are indicated by arrowheads with numbers 1-3. (C) Whole cell lysate proteins and (D) concentrated secreted proteins in conditioned media of mock or Jar-GnT4a cells were immunoprecipitated by an anti-lysosome-associated membrane glycoprotein 2 (LAMP-2) antibody followed by western blot analysis with an anti-LAMP-2 antibody and DSA blot analysis. β1,4GlcNAc branches on LAMP-2 were increased in both whole cell lysate and conditioned media of Jar-GnT4a cells than those in mock cells, although the expression level of LAMP-2 was not changed by GnT-IVa overexpression. (E) Flow cytometric analysis showed that Jar cells expressed LAMP-2 on the surface of cell membranes. Three independent experiments yielded similar results. choriocarcinoma cells decreased β1,4GlcNAc branched N-glycans on integrin β1 and suppressed integrin-mediated cell migration. These results support that GnT-IVa plays a role in the invasion of choriocarcinoma by increasing the β1,4GlcNAc branched N-glycans on integrin β1.
Lectin immunoprecipitation and nano-LC/MS/MS revealed that LAMP-2 is another target protein of GnT-IVa glycosylation in choriocarcinoma. Some glycoproteins, such as integrin β1, CD147, carcinoembryonic antigens, gammaglutamyl transpeptidases and glucose transporter-2 have been reported as target proteins for glycosylation by GnT-IVa in various carcinomas (11, (29) (30) (31) . LAMP-2 (CD107b) is a single-pass type 1 transmembrane protein which is normally present in the lysosomal membranes and occasionally on the surface of cell membranes in special situations including cancers (32) (33) (34) (35) . LAMP-2 is heavily glycosylated, to the extent that its carbohydrate side chains account for half of the molecular weight (33, 34) . LAMP-2 has 16 N-glycans which play crucial roles in cell adhesion to ECM and metastasis of cancer cells because N-glycans configure cell surface ligands of cancer cells for galectin-1 (36), galectin-3 (35, 37) and selectins (38) on ECM or the membranes of the counter cell. Saitoh et al (38) reported that a colon carcinoma cell line with high metastatic potential expressed LAMP-2 at higher levels than that with low metastatic potential. In the present study, we demonstrated that LAMP-2 was expressed on the surface of choriocarcinoma cells and that the reactivity of DSA to N-glycans of LAMP-2 was increased by GnT-IVa overexpression. These results suggest that GnT-IVa may contribute to choriocarcinoma invasion by increasing β1,4GlcNAc branching on N-glycans of LAMP-2 as well as integrin β1.
This study did not reveal the reason why LAMP-2 was detected in secreted proteins of Jar cells in this study, although it is very interesting that a transmembrane protein was present in conditioned media. We performed nano-LC/MS/MS on secreted proteins because the function of secreted proteins can be changed by glycosylation and affect cell invasion. It might be that a part of LAMP-2 on the cell surface was cleaved or included in exosomes and released into conditioned media which resulted in LAMP-2 detection in secreted proteins of Jar cells in this study. Previous studies reported that exosomal biomolecules (proteins, lipids, RNA and DNA) of cancer cells are associated with metastases to specific organs by preparing a pre-metastatic niche (39) and that N-glycosylation stabilizes LAMP-2 of exosomes and protects it from proteolysis for delivery of exosomes to target cells (40) . LAMP-2 was detected in exosomes from HEK293FT cells which were transfected with tagged Lamp-2 introduction (40). It is suggested that cell membrane is included in the process of generating exosomes (41) . It is possible that choriocarcinoma-specific tumor exosomes have LAMP-2 and promote organ-specific metastasis. However, more investigation is needed to explore the functional roles and localization of LAMP-2 in choriocarcinoma.
In conclusion, highly branched N-glycans resulting from the action of GnT-IVa were present in invasive mole and choriocarcinoma in proportion to GnT-IVa expression. GnT-IVa may facilitate invasion of choriocarcinoma by promoting cell adhesion, migration and invasion through β1,4GlcNAc glycosylation of integrin β1 and LAMP-2.
